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CLAIMS 



1. A method of evaporating liquid samples contained in at least some of a plurality of 
individual sample holdersV which are mounted within a chamber and rotated during the 
evaporation process so thaneentrifugal force is exerted on liquid contained therein during 
the evaporation process and Wherein heat is supplied to the sample holders to heat the 
liquid thefeinwhilst a pressure\>elow atmospheric is maintained in the chamber in manner 
kno/vn per se, characterised in that a temperature sensing device is located in or adjacent 
ay least one of the samples holders to sense the temperature therein at least during the 
e vaporation\ocess,\and an electric\ data signal is generated which is proportional to the 
jensed tempe ature, ind the temperaWe data signal is conveyed via a signal path to 



electronic data si 



rocessing meanss 



2. \A methdd as claimed in claim 1 wherem the data signal processing means, is located 
at the^entr^ of rotation of the plurality of sample holders. 

3. A method as claimed in claim 1 or 2 wherein tb^e processing means converts the output 
of the sensor into a suitable form for transmission K> an external receiver. 



4. A method as claimed in claim 3 wherein the processing means converts the sensor 
output signals into digital signals by which a carrier signal f| modulated to effect the said 
transmission. 
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5. A method as cla\ned in claim 3 wherein the processing means converts the sensor 
output signals into analogue signals by which a carrier signal is modulated to effect the 
said transmission. 

6. A method as claimed in any of the preceding claims 3 to 5 wherein the transmitted 
signal constitutes a radio signal. 

7. A method as claimed in claim\6 wherein the radio signals are transmitted to a receiver 
located externally of the housing by means of an antenna which is located externally of 

(e housing! and is connected to the signal processing means by means of a conductor 
/bich is paJsed\ through the housing wall via an insulating seal serving as a lead through. 

81 A me/hod^as\claimed in claim 6 or 7 wherein the chamber wall does not readily 
or significantly attenuates radia signals, and the radio signals from the signal 
g means areYreceived by a stationary radio receiver located within the chamber 
eyed either as radio signals or after demodulation as data signals indicative of the 
re of the sensor, via a conductive p\th which extends sealingly through and is 
insulated from the chamber wall. 

9. A method as claimed in claim 8 wherein the signals are conveyed through the chamber 
wall as radio signals for demodulation to producA the said data signals outside the 
chamber. 



10. A method as claimed in any of claims 3 to 5 wherein W carrier signal is a beam of 
light and the modulation is such as to modulate the intensity\of the beam. 



WO 99/43405 



PCT/GB99/00560 



21 



11. A method as claimed in claim 10 wherein light signals are transmitted through a 
window which is light transmitting and which forms an integral part of the housing wall, 
to enable the modulated\light beam to pass to a stationary light responsive device located 
externally of the housingland which is adapted to convert the received light signals into 
data signals indicative of me temperature of the sensor. 
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12. >rfrKi hod as claimed in\ an y of claims 3 to 5 or any of claims 6 to 9 or either of 
claims 10 and 11 wherein trie data signal is employed to drive an indicator which is 
Calibrated td indicate sample tetaperature. 

13. A meth/d as\claimed in any oficlaims 3 to 5 or any of claims 6 to 9 or any of claims 
10 to 12 \/herein\the data signal is\ employed to control the source of heat heating the 

ample hcAdersiB-tne chamber. 



14. A rjiethod as claused in any of claims 1 to 13 wherein power for the processing 
means is/ derived from a battery located \ithin a housing within which the processing 
means \i also located. 

15. A method as claimed in claim 14 wherein tW battery is connected to the processing 
means by the closing of a motion sensitive switch Which closes when the chamber rotates 
and is disconnected therefrom by. the opening of the\switch when the chamber ceases to 
rotate. 



16. A method as claimed in any of claims 1 to 13 wherein pdwer for the processing means 
is. transmitted, from_a source . external ._to the said housing, ,_tq_ a Vceptor Jocated within the 
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housing which is donnected to the processing means. 

17. A method as claimed in any of claims 1 to 13 wherein power for the processing 
means is supplied thereto from an external power source by means of a rotational 
electrical connection. 

18. A method as claimed in claim 17 wherein the rotational electrical connection 
comprises slip rings and conductive elements in contact therewith. 



19. A method as claimed in claim 17 or 18 wherein the rotational electrical connection 
is separated /from vapours in the Chamber by being located outside the chamber, or inside 

the sisnal/proceising means housing, and seals are provided around conductors leading 

/ I \ 
between/the sigmal processing means and the external electrical connection where they pass 

through the w^W the chamber or the\housing. 



20. k metMd as clajmed in claim 17 or 18\ wherein at least one of the conductors leading 
betwlen the processing means and the external rotational electrical connection, extends 
through the hollow interior of a drive shaft\yhich itself extends through a seal in the 
chamber/vall and serves to rotate both the sample^ holders and the said housing within the 
chamber. 



21. A method as claimed in claim 20 wherein the drive\haft is electrically conductive and 




sh 
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serves as one of the conductive paths for the power to the signal processing means. 



22. A method as claimed in any of claims 16 to 21 wherein a material for the said housing 
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is selected which is non-conductive as well as being inert in the presence of the vapours 
given off durinsthe evaporation process. 

23. A method as claimed in claim 22 wherein the material selected for the said housing 
is polypropylene. 

24. A method as claimed in claim 16 or claim 22 or 23 wherein the power for the signal 
processing means is generated in a winding which rotates with the housing relative to a 
sta/ionarV magnetic flux. 

A method\ al claimed inVlaim 24 wherein the winding is wound on soft magnetic 
rAaterial such aAis employed to\make transformer laminations. 



26\ A method/as clkned in claim \p or 24 wherein the magnetic flux is produced by at 
leas\ one permanent naagnet, whichl comes into close proximity with the said winding 
durin\ each rotation of the sample holder, and is located either inside the chamber and the 
winding is inl or on, or close, to the housing, or is located outside the chamber and the 
winding Is rotated around the internal of\he chamber close to the wall thereof. 



27. A method as claimed in claim 26 wherfe the magnet is inside the chamber, and a 
protective coating is applied to the magnet to prWent it coming into contact with corrosive 
vapours in the chamber. 



28. A method as claimed in any of the preceding claWs wherein the sensor is sheathed 
in an impervious inert material so that it will not contaminate the sample or suffer 
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corrosion.'' 

29. A method\as claimed in any of the preceding claims wherein the sensor is a 
thermocouple. 

30 A method as claimed in any of the preceding claims wherein the sample holders are 
rotated at a speed of betVeen 500 - 3000 rpm depending on g-force required and radius 
at which the samples are rotated. 



1. CeVtrifusal evaporation apparatus comprising a vacuum chamber, a plurality of 
sample hoWs for containing separately contained liquid samples to be evaporated, which 
are located therein for rotation about\a generally vertical axis, heating means for heating 
the sample holders and therefore the liquid samples therein, temperature sensitive probe 
means located in or adjacent at least onXof the sample holders, signal path means for 
electrical signals from the probeVneans to a signal processing means located 



\conveying 
/ithin 



chamber, V transmitting device alsoVithin the chamber for transmitting signals 
t^ a rece: ver outside^ the chamber, signals from the signal processing means being 
toyed to modulate the transmitted signal so thatVhen decoded by the remote receiver, 
the latter will provide a signal containing infonnationVbout the temperature of the probe. 




32. Apparatus as claimed in claim 31 in which the signarprocessing means is housed in 
a leak-tight housing to protect the electronic components making up the processing means 
from pressure fluctuations and from the vapours arising from evaporation in the chamber. 



33. Apparatus as claimed in claim 31 or 32 and adapted to perform the method of claim 
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12 in that it further comprises an indicating means calibrated to indicate temperature, and 
controlled by signals decoded by the said remote radio receiver, to indicate the 
temperature of theWobe. 

34. Apparatus as claimed in any of claims 31 to 33 adapted to perform the method of 
claim 13 in that it further comprises a heating means in the chamber for heating the 
sample holders whose heat output is controlled by the magnitude of an electrical current, 
and current controlling means is provided adapted to control the said electric current to 
theJieating means, and the decoded signal from the remote radio receiver containing the 
fempeVature information is employed to control the current controlling means and thereby 
the heaft output from the heating Vieans and in turn the temperature to which the probe and 
therefore (he liquid samples are permitted to rise. 



35. Apparatus as claimed in any of claims 31 to 34 adapted to perform the method of 

claim 14 pyVhe provision of a battery Yor powering the signal processing means which 

may be ljjcatedv inside or outside the housing containing the said processing means. 
T \ 

\ 
\ 

naratus as claimed in any of claims ^ to 34 ada P teci t0 perform the method of 
by the provision of a power supply which remains stationary and is external to 
the housing containing the signal processing meansVtogether with a path between the power 
supply and the processing means for conveying power thereto as the housing rotates 
relative to the power supply. 

; _ \ . 

37. Apparatus as claimed in any of claims 31 to 34 adapted to perform the method of 
claim 24 by the provision of means within the chamber but external to the housing which 
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generates a s^itionary magnetic field, and by the provision of coil means which rotates 
with the housing and which is linked by the said magnetic flux and which moves relative 
to the flux as tha housing rotates relative to the chamber, thereby to induce a current in 
the winding whicii is available to power the signal processing means, and an electrical 
connection is provided between the coil and the power supply circuit in the housing. 
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38. Methods for controlling the temperature of liquid samples in a centrifugal evaporator 
as described herein and with reference to and as illustrated in the accompanying drawings. 

39. Apparatus for controlling\he temperature of liquid samples in a centrifugal evaporator 
onstmctfed and arranged to operate as described herein and with reference to and as 
illustratedpn the accompanying dta wings. 

40. A mdthod of determining the temperature of evaporating liquid samples containing 
r compris ng attfeast one volatile component and contained in at least some of a plurality 

individu" d samp\eholders which are mounted within a chamber and rotated, during the 
eAaporatioi process s© that centrifugal force is exerted on volatile liquid contained therein, 
and^where n heat is supplied to the sampleho^ders to heat the liquid therein whilst a 
pressure bilow atmospheric is maintained in the chamber in manner known per se, 
characterised in that a pressure sensing device is\k>cated in the chamber, sensing the 
pressure therein at least during the evaporation process, generating an electrical pressure 
data signal which is proportional to the sensed pressure, conveying along a signal path the 
pressure data signal to electronic data signal processing means which is programmed inter 
alia with information relating to the volatile component orVomponents present in the 
samples, to convert the pressure data signal to a temperature value equal to that which 
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equates to iheVeasured vapour pressure for the known volatile component or components 
present. 

41. A method oAdetermining the temperature of evaporating liquid samples as claimed 
in claim 40, wherein the data signal processing means includes the step of addressing a 
look-up table containing temperature and pressure values for different liquids, and the 
further step of identifying to the signal processing means the volatile component or 
compj2ffie^ts present inWe samples. 

,od of deterrriining the temperature of evaporating liquid samples as claimed 
/in claim 40,vUerein the d&a signal processing means includes an algorithm, and memory 
means, and XL method involves the step of storing numerical values for insertion in the 
algorithm dej Iding on the volatile component or components present in the samples and 
de\ermined by theWessure sensing device, to enable computation of the 
ich the sample Vust have been raised for the particular pressure to be 
iber given theYresence of the volatile component(s) concerned. 



the pressure 
temperature 




in the ch: 



43\ A method of controlling* the temperature to which the samples in a centrifugal 
are heated by heating means within a pressure chamber containing the samples, 
wherein the pressure within the chamber is determined by pressure sensing means, a data 
signal is generated proportional to the pressurX and energy to a heating means located 
within the chamber for heating the samples is co\rolled in response to the value of the 
pressure signal. 



44. A method of supplying heat to liquid samples in a Vessure vessel in a centrifugal 
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evaporator, in whidh the samples are contained in a plurality of tubular containers which 
during centrifuging rn the pressure vessel are swung from a generally vertical condition 
to a generally horizontal condition under the influence of increasing centrifugal forces, so 
that centrifugal forces are exerted on the liquid in the tubular containers as the pressure 
within the chamber is reduced, wherein radiant heat is directed towards the closed ends 
of the tubular containers whilst in their generally horizontal condition, thereby to achieve 

more uniform heating of the^ liquid samples. 

/ 

/ \ \\ 
45./ A n\ etnod of Seating liquid samples contained m a centrifugal evaporator, wherein 

the samples' are contained in a \ixed regular array and more of the heat is directed to 

simples lotfated in the central regibn of the array than is directed to samples around the 

j eriphery of the array. 



6. Metiods Wd apparatus as claimed in any of the preceding claims, wherein the heat 
source is ^/sour\e of infra-red radiation. 

47 \ Meihods or apparatus as claimed in claim 46, in which a heat absorbing screen is 
located fjjetween the source of heat and the\samples having a plurality of radiation 
conductive regions therein, each conductive regibn aligning with the position of one of the 
samples in the array of samples, and the thermaRtransmissivity of the regions increases 
towards the centre of the array so that samples located in the central region of the array 
receive more radiation per unit time than those in peripheral regions of the array. 



48. Method or apparatus as claimed in any of the preceding claims, wherein the samples 
are contained in wells in a microtitre plate. 
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49. A method of\heating as claimed in the preceding claims, wherein the samples are 
contained in an arraV of tubes, bottles or vials held in holders which uniformly swing 
upwardly from a vertical position to a generally horizontal position during rotation of a 
platform on which they are mounted. 



50. A method of heatins as claimed in any of the preceding claims, wherein the source 
of heating is situated at ohe radial position relative to the axis of rotation of the sample 
containers Jand each samplers subjected to radiant heat energy as it passes the source of 
heat during its rotation around\the said axis of rotation. 



of heating as claimed in the preceding claims, wherein the source of heat 
an arcuate path extending around some or all of the circular path of the 




52. W m 




:thod df controlling the heating of liquid samples in a plurality of individual 



samplA ho Iders in a centrifugal evaporator wherein the samples are mounted for rotation 



within a\/acuum chamber, the pressure of^which is reduced during the evaporation 
process, wherein heating means is located in 'the chamber for heating the samples and 
control means is provided for controlling power^to the heating means, and temperature 
signals from one or more probes, or a signal from a pressure sensor which detects the 
pressure within the chamber, are supplied to trie heating control means which is 

programmed to provide a high heat input during earlyVages of the evaporation process, 

\ 

and smaller heat input during later stages of the processes the liquid within the samples 
is evaporated. 
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53. A method as claimed in claim 52, wherein the temperature of the samples is 
determined in accordance with any of the methods claimed in any of claims 40 to 42. 



54. A method of controlling the heating of samples within a centrifugal evaporator 
wherein the samples are ^ontained within a pressure vessel which is progressively 
evacuated by a vacuum pump so as to assist in the evaporation of the liquid from the 
saiflples wherein a vapour condenser is employed to increase the pumping speed to protect 
e vacuum pump from vapounernitted during the evaporation process, and wherein there 
s provided means for measuring vapour flow rate, and the method of control involves 
controlling me energy to the heater is controlled in response to a signal derived from the 



flow rate rr 



ill dry, the 



:asurement such that\as the flow rate decreases, the heating energy is 



decreased, aid as the vapour flow rate approaches zero, indicating that the samples are 



'. iea\ energy is shut off. 




5\ A method of supplying heat to a plurality of samples in each of a plurality of sample 
plates, each plate contouring a plurality of wells or other liquid containing devices, each 
capable of containing one liquid sample, wherein the sample plates are supported on trays 



of a material having a high thermal conductivity, and the trays themselves are supported 



within, and have a good thermal path to and from, a support frame also formed from high 
thermal conductivity material, and heat is supplied to the support frame from which it is 
conducted by the thermal path to the trays and thereby to the samples plates and samples 
contained therein. 




56. The method of heating a plurality of liquid samples as claimed in the preceding claim, 
wherein the heating is effected by infra-red radiation directed towards the said support 
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frame. 



57. Apparatus for supporting microtitre plates, each containing a plurality of liquid 
samples, for evaporation in a centrifugal evaporator, wherein heat is supplied to the 
microtitre plates via aVipporting frame and via trays extending thereacross on which the 
microtitre plates are located, the trays and the frame being formed from a material having 
a high thermal conductivity, and wherein the region of each tray on which a microtitre 
plate is located, is formed wkh an upstanding region defining a platform adapted to fit into 
and engage a recessed underside of a microtitre plate located thereon, which would 
otherwise be spaced from the s\^face of the tray, thereby to improve the transfer of heat 
between the tray and the plate. 



58. Apparatus as claimed in the preceding claim, wherein the frame and trays are formed 
from aluminium orkcopper. 

59. Metho Is of Controlling the heating ofViultiple samples in the pressure vessel of a 
centrifugal Evaporator substantially as herein\described and with reference to and as 
illustrated in the accompanying drawings. 



60. Apparatus for controlling the heat to microti tnk plates located within the vacuum 
chamber of a centrifugal evaporator constructed, arranged and adapted to operate 
substantially as herein described with reference to and as illustrated in the accompanying 
drawings. 



